materials are applied late in the process. The flavorings normally used
(whether natural or chemically compounded) are usually selected from
substances generally considered safe to humans even though such
definitions do not guarantee that subsequent pyrolytically-produced
materials are safe.

Tobacco blends can also be mechanically processed in different ways.
For example, leaf tobacco can be shredded to various widths and
lengths to control density, burning rates, puff resistance, and other
related properties (15). This alteration in tobacco blends produces a
cigarette or cigar with a modified chemical composition in both the
tobacco product and the resulting smoke as has been described earlier
in this chapter.

Cigarette paper can also be manufactured with a variety of additives
and with different porosities in order to control burning qualities. High
porosity citrate paper used with a standard tobacco blend delivered less
tar, but the same nicotine, as a control cigarette. Acetaldehyde,
acrolein, formaldehyde, carbon monoxide, and hydrogen cyanide were
reduced, but the pH of the smoke was elevated slightly. Low porosity
phosphate paper used with the same blend delivered greater quantities
of tar and nicotine than did the control cigarettes. Increases were also
found for the deliveries of acetaldehyde, acrolein, formaldehyde,
carbon monoxide, and hydrogen cyanide, while the pH remained
unchanged (15-18).

Most modern cigarettes use filters of various kinds. Over 80 percent
of the cigarettes sold in 1977 were filtered, using charcoal filters,
mentholated filters, special baffled filters, cellulose acetate, and
combination filters. Charcoal filtration reduces some of the toxic gas
components; cellulose with absorptive additiv.s tends to remove acidic
constituents; and magnesium silicate (when used) removes some of the
aldehydes and organic vapors from smoke. Perforating the filter to
allow air dilution further reduces the concentration of gas phase
components of smoke (10, 11, 22).

Many modifications of cigarettes are possible and the precise
ingredients and variations thereof are usually proprietary to manufac-
turers. However, experimental cigarettes have been prepared using a
number of modifications, such as variation of the width of tobacco cut,
the use of different parts of the tobacco itself (leaf, stems, fines, etc.), a
selection of additives, and different paper porosities. These experimen-
tal cigarettes have been prepared by different methods, smoked on
smoking machines under standard conditions, and the condensate
collected. Subsequent mouse dermal bioassays showed such trends as
the following (15-17): (1) Reconstituted tobacco sheets generally
resulted in condensates less tumorigenic than standard control
cigarettes. (2) High relative paper porosity seemed to decrease
carcinogenic activity of condensate on mouse skin. (8) The addition of
nitrates to aid combustion did not reduce condensate carcinogenicity as
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was originally anticipated. (4) Different shred widths of tobacco did
not appear to affect the carcinogenicity of condensate for mouse skin.
(5) Cigarettes made from 100 percent tobacco stems resulted in
condensate with the lowest carcinogenic activity for mouse skin. (6) In
two cases, cigarettes made solely of tobacco leaves produced conden-
sates so toxic that they caused the death of experimental mice before
carcinogenicity could be ascertained. (7) The relative petroleum ether
solubles in tobacco correlated with condensate carcinogenicity for
mouse skin.

Several special processes are also possible in treating tobacco blends;
for example, puffing or expanding (adding air or CO:) and freeze
drying. These methods can affect the cigarette weight, puff resistance,
nicotine delivery, and in fact, the delivery of many components such as
acetaldehyde and acrolein. Since puffing or expanding processes
introduce air and effectively reduce the density of the cigarette, they
constitute a form of dilution and tend to reduce the output of some
substances. The burning rate is also affected, which in turn will change
the yield and composition of some pyrolysis products. Freeze drying,
for example, reduced nicotine and phenolics significantly in the
experimental blend used, but produced about the same amounts of
acetaldehyde, acrolein, and formaldehyde as did control blend ciga-
rettes (15-17).

Possible approaches that plant scientists can take to modify tobacco
leaf have been reviewed by Tso (26). The main objective of such
research is to acquire the desired characteristics which will meet with
acceptance of smokers and at the same time produce a less harmful
tobacco (25). Modification may involve genetic and cultural modifica-
tion, nitrogen fertilization technology, leaf and plant population, the
physiological stage of topping, and pesticide treatments. Post-harvest
modification is also possible, as leaf composition is markedly affected
by the curing process, aging, or other treatment of cured leaves.

Other Tobacco Products

In contrast to cigarettes (see discussion on types and classes of tobacco)
cigars are normally made of filler tobacco (bulk of cigar), binder
tobacco (used to hold the shape), and wrapper tobacco (the outside
layer or covering) (30). Wrappers are now being made increasingly
from reconstituted tobacco products. Cigar tobaccos are generally air-
cured, aged, and fermented. Pipe tobacco may be pure Burley or a
blend of Burley with other tobaccos. A considerable amount of
sweeteners and other additives is used to create a pleasing aroma and
taste. Chewing tobacco is made of tobacco leaf (usually Burley, cigar,
and bright) and is heavily sweetened. Snuff is powdered and flavored
tobacco (usually dark air-cured and fire-cured).
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Summary

Tobacco has been cultivated and consumed in the civilized world for
more than 300 years. It is an important economic crop and demands
high production inputs, including energy. The United States is well
known for its high quality tobacco and the application of modern
technology to tobacco production. Extensive knowledge in tobacco
science has been accumulated by intensive research effort, especially
during the past 20 years. Recent advances in various areas of research
related to tobacco and tobacco smoke have provided adequate basic
information for improvement of production.

In plant research, there are means available for genetic, cultural,
and post-harvest modification. Also, a new homogenized leaf curing
process makes it possible to extract soluble proteins and to improve the
smoking material at the same time.
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